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(54) POSnWN DETECTING PHASE DIFFERENCE 

DETECTION DEVICE AND POSITION DETECTION 
SYSTEM AND ITS METHOD 

(57) Abstract 

PROBLEM TO BE SOLVED: To realize both removing of 
a phase fluctuation error due to the cause other than a 
position to be detected such as temperature change and 
Others, and high speed responsikMBty. 

SOLUTION: The output signal is inputted from a position 
sensor 10 such as a resolver, etc., which outputs two 
aHematirig output signals, whose amplitude are 
modulated according to different two function values 
(sign and cosine) corresponding to the position. The 
^ectric^ phase of one of the Inputted altamating 
output agnals is shifted by a specified angle, and it 
Is added to and subtracted from the other, and two 
electric alternating signals (sin(a^^td-i-θ), 
sin(oDtid-θ)), which are provided with the 
electrical phase angles (&1heta;) correspondng to the 
position, and phase-shrfted (14) in reverse direction, 
are electrically synthesized. Contrary to the two 
signate. of which phase differences (θ) 
corresponding to the position are shrfted tn 
positive/hegative reverse direction, phase fluctuation 
errors (±d) are in the same direction, so that each 
phase shift amount (±d4^theta:, ±d-θ) are 



measured and precisely calculated for offsetting or 
extracting the error (±d], and the precise phase 
difference (θ) are detected. The data of error (±d) 
is also the temperature detection data. 
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(57) [mm] 

(1 0) ^^f^mmtim'^^T^jjT^. T^Ltcm^mih 

(0) ^}#oj|^[aj^tcffitBs^r7 h ^fi/czoommw^^ 
«Efl-^ (sin (CO t ± dH- 0 ) . sin (cot ± d-d) ) 

m-r-SfitBM (6> ) f)S]Enm:^\^^czyy h ^nrt^^ 

occ^ttor. fita^tt^M (±d) f^m—yf\^^cm^<o 
Sftitas^:^ hs(±d + ^. ±d-e) ^mii^uM 
'^mm.oxm:^: (±d) ^tasx^iflsmo. jEmum^ 
mio) ^^mr^. mm (±d) cDf^-^t^^as^iffi 




1 

1^-7 hm^<Dm:t)mntmim2(DSc.^m:t)mnt^'^ 
i^an(Di^y^\^f^iyy [^^ntcmMmmm^mr>m2 

Ml.'r:m2<om^^-^^^^^^&i^. BoiB^ij^o' 
m2 (oi^m'f-^t^.m-^^m^mmnMi&m.ticn^^^ 

mt^mll^xJ^m2<omA7'-^<o—y^<07'--^ir^f:>mt^ 

m->m. 5 ] mu^^mm^mK mt^m i co^ss 
mt^wmt^v vm^mtim^tmt^m2<o^\^^ 

v^^(Dmti{m^tmt^2(o^m}!^-hm^L^w. 



(2) !^ia^9- 1 26 809 

2 

mm%n^mM. mt^m i (D'mm.m^mm^t.w^ 2 <om 

<b. Mie&tBi/:^ hIillScDm;^?ft-^<tmiem2CD^a£m 

mmun^mK mws.m 1 <otm.mtim'^t,m2o:>^m. 
mti m^cmm(o^ u^u:^ ^-^fs.-r ^ c <b cc 0 mm 

[ m^m 7 ] BuiBm 1 <DmMfi«j^?feft^cD'fe'n p 
20 i ^ 2 (Dmm^^mm^<D -tf n a ^ — ifi:r ^ c t 

mmm 1 ]a(:;^m2c7:)mme^^2jf£m-^<D-fe'a ^ px:;t>5— ^ 
<b ^ Hu ia^^i5 t^cm^ ^ n /c hu la^^ - c ^ 

o-cmm^m^tifcm2<Di^mmt}m'^^m:tj-r^iiLm: 

r^jc^^ 5^:7 h ^n/cmMe^i54Bft^j^-^m 1 iSLam2 

mmm 1 <ommmi^mm^<o^' n ^ a i m 2 oo^e^j 
^mmn<0'^ti n >^ i s:-r c i ^^Kiffi-r 

50 mv'-^^^isb^mEmm^mt. 



3 

X A„ 30 



nmW-Q- 1 26 809 

4 

-^^i^ < <»: ^ 2 o<Dft#0-if P ^ ^^JlS-r ^ C «!: «: 

[fs^:^ 1 3 ] ^mnm.m.m(icnft^LxiEy3\^itctyy 

mom^^itiMm{^m(^nmLxM::^{^(^ciyy h^n/c 
mm,mmnm^n'-:>m2(o^m,micmm^^^mr^m 

^m.m^<o<}>u < a h~yj(Dm^o!^mEm^mmLxi^ 

BijlBH 1 n ^ U X i ^ 2 CD^^e^J 

j^^Lfi-^o-ifp ^ n X i 30^— ^-r -5 c i ^^^di-r ^ x 
BuiBH 1 jSLi^m 2 (ommm^mrn'mco-^'ti n x f)^—^ 

ii>^c < i HuiBt^ai>ftm3&5lbc ^ T (r ^ s <t ^ cc. Hu 
im^m 1 5 } ^mn^m.miicn\t.Lxm^(tc^tj:i> 

Mm.i^Lmcmt^\^x]E^^^zyy h^titcmnmmEn 

ttit)m^^miEm2<D^mm:bm^^ ^mnxitmnr 
%c t(fcm-r^^mc^mMm&m(tcMftsLxnyj\^^i^ 
y h :$tifcmmmmEn^n'^m2<o^mK^i&m^^ 



5 

mnm 1 j^z^m2a)&mr-^(fcm-^^mimmMmiiL 

[000 1 ] 

(tcmu. W(^cmM^mum^m-:i^T':rvv ::'--hi<Lm 20 

[000 2] 

[0 00 3 ] ltaiSl^aA:^^2tim:^?^^G^^y>'^^^' 
rt^-So set*. -€■cDJ;^3^J:R//Dn>y^'-:$^ic*^l:r-2> 

i u r u v;u>''^'*5fflc^ htix:^ f) ^ i^mm^^2 
*^n/c 1 iU(Dwmmn (mt^:. -cos<i> t) 

^mWKrC^pi. 2t^(D^2'^XmmW2 s . W2 cCDtb 

s. W2 c<Dta:/jft-^ti. U-^omiKfteiCSPtlST^ 

^fi-^T^^f^, ^Rt*; ^n^n rsin^-sinco t J 1^ 

fcos^ -sinco t J r^t^-tt-S. ^miElSSgP2 "Ctt. 50 



«Nf^^9- 1 2 6 8 0 9 
6 

tetB;^jM# Tsine -sino) t J (^cMox^-^^ • nl^^ 
>l%^IHl^4;&>e><7>r3-^^-<>fiicos0^m^O. T cos0 
•sin<9-sincot J ^f#^o 4> ^ — :€rt3r>^SEi&6 -fe 
>1f^Pl 3&^e>(Onit^>t0m:^m-^ Tcose -sinco t J 

n0^fg#U. rsin<^>-cos0-sin<i) t J JS:f#5o 

(D^^mnn <i> ^mmt. o y -t- h u . vxikm^xmm 

urc^#. ?I^S7cDm:^?&^otc>^o/ci^itflD^»it 
r-Sc 9l^^7<Dai:^35i«0tC?^j:^cr)tt, rcos</» -sine • 

sinco t J = rs1n<^> -cos^ 'Slnco t J :f)^f&ALUfc^^X 

-r^^j::*^^. <^> = o:^ij?XAz:u. iii;i>:{itg^^iii^3 

^xmxmm^M^ 3 o^^&taft </» ^ o y -i- h 
ai:^:?&^otci^j:-o/ci#. b^w±v. 
[0 004] — U!/;u>'x'(DMj^:^^^. 2\^JSmx 

rt^^c ^7(J-E-OJ:^^j:(Sta^«fetB'>XT*A^M^T 

«ltti@SSgi58 3lP6^^^n/c2*|cr)jaiSfl-5^ (^J 
;^5^s1nco t t -cosco t ) ^ 1 yc^^W 1 s . W 1 c (C 

iteo2;x#^w2(^m:^jff-^^feimiHjssai 
e hd^tL^-r^mfmrnwrtin e ^n-ommm^^x 

^sinco t <hni^^>(i^-cosct> t^ffe^L. ^2>•!;^aJ 
l<DSi;*^|gWl s, Wl ctC^^-^^^o t^aililiS 

ase-CiJ. 2:;^^;^W2CDa:;^j{t-^sin (o) t - 0 ) 

-fe'P^PX^lttJiElggi i«:A;^l^. -e<DO(itB:ft{cjc£;D 

r^';.^^<;bXLP^^2'5^lpl3gl 2tC#iL-S« 

LPO^ s>^^^ ^^T-So :^;r>>^ GcD-^es^Ap 
(ft»ffloif >S-^sin€o t © 1 s»!«:>^i;t;Lr 



6} (D0iiLm(^Mft^O^^ -j^Ufc'y K^9-m^l 20:>[^ 

'^3:. ^mmnw4, 754. 22 0-^-^. ^s^^rpii 

4, 2 9 7. 6 9 8-^3^<i:«:fclir4>|nI1iCD^<7:)3&5;^K^ 
[000 5] 

m(^cm-^ < mnm^j^^^MJi r±dj 'c^-r<h. gie 

7tC*5t:f ^Vll^p^^«, rcos<^>-sina -sin (o) t ± 20 
d) -sin0-cos0 -sin (o) t ± d) J i^^O. 

occ/io/ccb^. iS-r>t^-^> h^f^iho. tfeUftge 30 

[0006] — m 7 feCTjkUtc^ ^ 3i^f^^cD*IHi->>^ 
EgtcS-:J< {i+g^Sd^ r ± d j tcit^Dr. 2 y^c^^cDiH 

sin(a>t±d-0) ttj:K>. -^fu^a^^^ 

mm^i ix^^m^ti^omn^M. *3Scosin(6>t 40 

-6) CDi#^CD0f5ita«^.J:0€>. r±dj /cttTn-2>C 



J^^^g- 1 26 80 9 
8 

mm <omm^ mmmjSiv^&m^m-> ;^ 7" a ^rsgt u j: 

[0 00 7] 

<Dfci^<D{iLimmmmmu. t^mMmi^ (x) ccjKti^;: 
■r-s^ 1 <om^m (sine > ^Ji*ie^ia<t LrMiti^f^ 

mttiM^iiLm ( X ) ic*fi£T ^m2 oMikffl ( COS 61 ) 

(cos0-sina> t ) ^ffl:;^l^^(ig'fe >1f ( 1 0 ) 

mi <D^mmtfmn<Dm^mm^^m^n^ (71x2) 

L/C 4>© (sine -cosco t ) <h mriai^2 0O3Si^^ta;^; 

icoso 'sina> t ) ^^imwxitmnrr t(iC^ 

;:c< 1 'ocomm.m^^m'^ (sin (co t +<9) ) ^ 
^^-r&MMWiiiss^ig (14. 15. 1 6 ) Mffi 

5^iJ^e-^^c:4bHt ^mm&tFfitBrn^i'J^r -5 c i tcS-:? 

^HtjfE^m>^tm{5^tcM]^:;-r^{ig^tB^--^ (0) ^ 

f#^rjig[^|g (17, 18. 19. 20, 21. 22; 
18. 20. 41. 42, 43. 44. 45)<L 

[0 00 8 ] ^^tB>t^mfig (x) cc>Pttc:;ur^fcC'5»2-:> 

(sine -sino) t m^cosO -sino) t ) ^a5:^f ^(li^-fe 
>lf (1 0) (J. Wx.{^^^/;t'^^'cDcfc ^cc. ^^-c^ 
-So ^m^Xict.. c<o^'>rj:{&ni(DiiLm-^>V' (10) 
offl^rfi-^ (o^0«^ai^lPi{astcttvt;/cfits^i)i*s)5: 

»; ^ - h feg«im=5:tf 3& ^ C i :^it?# ^ J: ^ b/cC i 

[0 009] t-^t>^. (ig-fe>if (10) i)^h?<:hv 

Ofch<0 (sine -cosco t ) tmM^ 2 (D^^mt^m^^ 
(cose-sinco t ) <L^flD^Xti2^-r^C<hCCcfc*3. 

t 4> 1 0<Dli^e^^ij|£^^ (sin (o> t + a ) ) ^^f& 

Tsine -coso) t +cose -sinco t J J: «3 . iE:^!^ f CfetB 

h lantern 1 ommWSSr^ft-^ (sin ( co t + 



9 

M-^^s Vt^lit r-sin0 -cosco t +cos^ -sinco t J i: 
(sin (CO t - 0 ) ) ^^^•r^C<h>&^'C^-5o 

[00 10] CCt?. f#e>n^3X?5feft^os*e«j^B#^ 
i^miU9\^(o^^t<.m-^<mm»^^ r±dj ^^-r 

±tBll 1 Ommft^'ijfefl^ti Tsin (co t ± d + 
« Fsin (6)t ±ci-0) J ^mty-r C tiA^^ ^„ C 10 

cocfc^cc. :$:^<Dt^m>f^^{i^ (x) i<mvc^r^m^m 

s^;&^^*ro t^-or. ^fi[ta<i-^ (sinco t ) 

1 jSL^m2<Dmm.m^mm^(Dmm r ± d + 0 j 
RO' r± d - 0 J cti^:finBX«^^ 
(omwLomwmm'r ^ c ^ «: j: 0 . Mta^Ki^ r ± d j 20 

nmiim (x) ^CiEisfc^j^r^ofcatBM (0) 
[001 1 ] m^u. mmommimm^ (sin^o t > 

iS?fem 1 <DmM6^3SiSft^ (s1n ( CO t ± d + <9 ) ) 

tiommmmBm ( ± d + 0 ) ^ii'i^g 1 oeta^ 

(sinco t ) ^mnm2<Dm^m^WLm^ (sm (co t ± 
d - 61 ) ) t<Dm^mmm i±d-e) ^mumoxm 30 

2(Om^r'-^ (D2) ^l^J^^^^t. mtm\lSLZ> 

m2(om^^- ^ iDi. D 2 ) licm-^tmtm.mnwi 
mm 1 j&.z^m2 (Dfeffir^- ^ ( D 1 . D 2 ) <Dmnm<D 

M^ft^T^CiCcS-^*. ^M^-a? (±d) 
J:'?l^cr^Ct^^V^^. m^\:X. (D 1 +D2 > /2 
<Di1-#^ffJ:c^C<h^cJ;0. { (±d + <9) + (±d- 
0> } /2 = 2 (±d) /2-±d;&S^L. ^^7^- 
^ (±d) ^^«5^>C(i::?!:j5-e^^. ^CT\ mrtfiH 1 R 40 

(+d) = (±d + 0) - (±d) = + 6>JtCj:D. tfe 

ffl^n^iis (x) cciEfii^c^tfGu/cfita^ (0) ^7r:-r 
[0012] ^/c. j^ijcDMi or. jiiBi^ 1 (Dmm.^^ 

ffl5£-r^>C<i:fC<i:-:)r^>, (cot±d + e) - (a>t± 

d-e) = 2 6 tt^^. mmmi^ r ± d j 

(x) cc>?*i£r.T'2>itWJ^^ms^{4fflft 50 
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10 

(0) CCl:t;«?«'r^<ufflM7=^-:$? (2 0) (Dc^^rJi-SCi 

>pta<a^ (x) cci:h^!i'r-5«^{i3'r--^<tbrffiffiLr^ 
((9,) ^*j?>. cti^i^mnmiim (x) cctt^j-r-s 

[0013] S^or . 2|s^H^tcJ:nii, ^S^ft^icJ: 

fiPj^cD^-y ^:?^^^t«ffl-r'5ci}?^5r^6cDr. ffijiit: 
[0014] i c 5r\ ^ffi^^mii^ ( X ) ;05B#rBia^CC 

mt-r^m^. mmm 1 commwsssm-^ (sin (co t 

±d + 0) ) ill2<D^fi«JiSisS^-^ (sin (CO t ±d 

<b;05|Bc^o C^DJ: ^)^cClfti|^ttCC^J^;r^^J:^^cT'E> 
;^ce^CC. mtEm l <?)m^W?S?iJ£ft*^ (sin (co t ± d + 
6) ) (D-fe'i^^a;;?; i^2(Dmme\i5<?>?£ft-^ (s1n (a> 
t±d~e) ) <D^2n^axi755— ^^^c i^^tti-r 
(23) <t . tufS^ 1 ^0^^^2 CD^me^^i^ft^ 

(Dl. D2) ^^^T^-a? (± d) <tL/rimj#T^« 
}^S(2 6) i^MCCac^-Sct^tcr^ictC^o 

i.^r <f: irccfaiE^ft^^ (26) Jc^^M^n/cmfia 
(±d) ^gr^^r. HuiBm^3:^SS^-^tc:*J 

[0015] -^tjify^. Akmnm^w: (x) ^^esrawcc 

^^fcT^cDr. ±iB<D r+6)j . r-0j [+e 
(t)j . r-0(t)j rat>'rc<b3&sr^5o ccocfc^cc 
6»;Cf^^^iEail^:)7i^^cB^r^W5c^fbori5>< BailiCD 
<i:^>kmj^i^j:^niii*?S»co^r«. ^m^n^ l±di <D 

^fc^kC^ m 1 <^)^MW^S£<t-^ (sin (CO t ± d + 
6>) > C!:>-fe*ai>n;:^i^2<D^mefJ^Sgfi-^ (sin (CO 

t±d~e) ) <D'fe*nt57axi3?)5— ar-^;s^i;$:;^ai 

^^<D^$!S^ft#«:^'r&«?riBmiSio*m2<D^ 

<T^-^ (-rAj:t>^^lRC/m2Cr)15tB7=-a?D 1. D 



11 

2<D^i>35c< <b^— ^m^r"-^ (±d) tuxmm 

^ixtcm^m^-r-^ (±d) ^S:ffl(.ir. miEmmm^ 

[0 0 16] 2oi^)M-^-fe'c2d'Cix*i— iSc-^^^^jj 

mmmsoi t (,cM'r^mm^o:>mm r ± d + 6> j . 
r±d-0j Ai^uciCih*^«t*ec -ttaf^^. ±d 

7="-:$? (D 1 . D2 ) fC^Lr. 
Dl=±d+0=D2=±d-a=±d 

D2) cD^J^j:< i^— :^tca-::J< r'-^^ris^-r-^ 
(±d) tlyXm^'T^C.ht^r^^h^ COcfc^tCO 

ta7^-^(Dl, D2 ) CD^J& <<!:*>— :&^fg{^}$U/c 

(±d) *ffifflur<eiE'r^><J:^tc-rti 

Dl - (±d) = {±d+(9 Ct)} - ( ± d ) = + 0 Ct) 
(DX^^C. m^-T-^ (Dl) ;5?^B#^ijbT'6J#^T:^*-:. 
t:4>. teffiMM (±d) ^^*L/c. «im>ttm{i^ 

(x) (,c<D^ttm-^^jEmrm^mtL^m^-^ i+e 
[0017] -^^mmmmko^m^^ or, i oco^ 

(sinCoj t ± d - 0 )) <D^^^^C/. 
fB-rniJj^o/ce!?)<DSitmB>5:. fitg-b>if (l o) <D 

^. {affi-fe>i^* (10) <DtB:^r*€>H«isi^io?^S£as 

:^<t^ (s1n0 -sinco t ) tm2<D^m.^tim^ (cosO 

1f ( 1 0) cDm;^jCcS-:3f< mfiB{4ffl^ 
( ± d ) ^^A.'C*? 0 . sin < CO t ± d ) CCl^W 

urt^^o se-^r. ccDStHfitBfi-^ (sin (co t ± 

d ) ) iCl^^^mnEmm^^mm^ (sin (^a t ± d - 

6) ) (Drnme^fiffirn (0) ^fij5et-'2>c<tcc^D. 
tiL^mmm^ (±d) mii2«iHa*fa{ig 

cc-cl^Siit-'S^S^. MtB{itB-t2>l^ ( 1 0) 

<Dm:^T-*-si^ 1 (oimmttm-^ isins -sinco t ) a 
mn^m2(D^mitit}m^ (cose -sinco t ) <om^(D^ 

0^f^2(0^\^Lmt)iW^ (sinO -sinco t J^Z/cosO -sinco 
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•r'2>CC*/corii. eCC|£;D/cSgiliifiisin0Rt>'cos0<D 

WtcsH@[<Dm> -fef n ^ D j&ff >i ^ c i ^ 

KDmmm (sine) ^fJglliifii<bGrJ^-^mi<D^Slttl 

;b(t-^ (sine - sinco t ) j^zmm^mMmt^^ (x) 
20 (icn\t>'r^m2(ommm (cose ) ^iigf?iMiurfto 

m2(O^^Mtfmn (cose -sinco t ) ^mtfT ^ ^(D 

r^-Sc -e-oti^. miE^m KO^^atjm-^ (sine -si 

na>t) comm^m^^wfmm&ribox. mtsiso 

sine 'coscd t tUfch<Ot, Huie^2<0 
^i>fem;^m-^ (cose -sinco t) «f:^tt]^-r'2>CitCj: 
0. sine -cosco t + cose • si no) t = sin(a>t4-e) 

UXJ:i<^x^^^. ^/c. fai2micD5^?^LtU:^m-^ (si 

ne -sinco t ) <Dmm,m{iLm^mmmm.-rf^ otchco (s 

30 ine-coscot) t(rfei^2 <OSflStB:^M^ (cose -si 
nco t ) i^i^^-r-StliCC^kJ^. cose -sinco t -sin 
e cosoo t = sin (co t - e) (DX^tn. H?fa^2<D^ 

[0019] ±.M(Dmm:y'-^ ( ± d ) ^^^^iU^CctS^ L/ 
i h 1 ocD^W&ffl^^5^ft c i J: 0 1 

m:bmn<o^i=>(Dm<D i -:>x^^m2<Di^mmt}m-^t 



C8) 
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[00 2 0] 

g-fe >it- 1 0 . 1 mmmAJox 2 tgm;^^<7){u^-fe > 

c>J:^cc. i:;^^^i2;>c^*g^><.r*-^{|ijcc:ft<lo. 

-:>ri^X^i^Wl=&JS??aT^o (S^-t2>1f 1 ore*. C 30 

<D 1 :>:^l^w 1 (DSisaccjTv or 2 tgcT) 2 ^x^,^w 2 s . 
x2tn<Dmm$^sine, cose^Tjkr. -r^^ct?-^. S2 

'^XmmW2s, W2 cO[)^^U};^ft-^Ci. t^Ui>Pf|^fiLg 

^<om<o^mcv^'>9mummu. 2'^x^mw2 s 

ft#^ rcos0 -sinco t J -C^^R-To 'rrj:f:>^. ^m^^ 
1 (DS!iJi£Ui;^im-^ A = sin© • sinoo ti)^2 ^X^^W 

2 s e> ai:t? ^ ti. PI c^mnmim: x cc^ts-r -s^ 2 

cD^Sfefficos© ^tltHBi brj#-o|^2cD?£?j!£ai:^ft^ 

B = cos© -sinto t:?&5 2;X^liW2 c :^>6ai;b5 tl-So 
[002 1 ] IfemiilKSPl 1-C«. :^'i>>^ 1 2'Cm^ 
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^^wuc^^-2>. ij'^^^ I 2<D^iy:^umt. mm 

'e<D;^7'>> Hii(D0«. >fi^sinco too 

CO t cfc «3 9 0Jgiin/cfi*Brj®}?afflCD3^«£m-^-cosa) 

[0 0 22 ] s^'fe>if 1 07!>^6m;^j$n/c^i;5^^'^ 
2©?Si5fem:/7{t^A. Bii. ft^ffiiHissasi iccA;'a3n 
t^amssaJi uc^sc^-r. ^ i<D3gifta:^;fl-^A = 

sin© -sino) t hlmlgS 1 4^CA;^$n. -^c?) 

^nr. iatav:? h $n/c32?jf£fi-^A' =sin©-cosco 

SSI btmmm^si e tf)^m^^tixid^^ mwm^i 

:7 h ?n/c3^??^ft^A' =sin0 -coso) t ifi^-fe>t^ 

1 o^^hm:t3^ti^±t^2<D^i^mt}m-^B = cQso ' 

sinco ti^iftjSt^ti. -e6DM®HJ;t?<hur. b + a' 

= COS© -sinct) t + sin© -cosCl) t = sin (oo t + © ) ^ 

A* =sin© -coso) t i_hie^2 <D3^?jSffi:^fl-^B =cos 
© -sino) t i;(?5?S^^n. -e(Di)^#ai:;^<i: U"C, B- 
A' =cos© - si no) t —sin© -cosod t =sin (a> t — 

e) fj:^ m^xmt>i± 2 <Dmm.mm^m^Y 2 
6n^„ dojr^tcur. ^mMm&m (x) cc>pftsu 
riE:^fa]tc>^::7 h^n/cmMe^futB:^ (+©) ^m-:>m 

ICD^me^StdSft-^Y 1 =sin (6> t +©) <fc. PIDbu 

tB*im?^fm{4M (x) iics^ix:^uxny7i^^ciyz7 h^n/c 
iimwataft ( - © ) ^n-:>m 2 (DmMmiim.m^Y 2 
=sin(a)t-©) m^mmf^cjZ'ox^^m^ 

[0 02 3] mw^m 1 5 ^^o'M^niK 1 e C7:)a5;^ft^ 

Yl. Y2(3:. ^^-fe'P^PX^imiHlKl 7. 18tCA 

X(D^tJB<7:)f±^<*:br(3:. W^c^. &fi-^Yi, Y2(0 

S^aif^o &Mmi 7, 1 8-c«ia}U:fc'^ci^n;<«im 

1. LP2<hOr. ^ 5^|plg§ 1 9 . 2occA;^5n 

•i' ^©SS 1 9 . 20T'». 1 ZCOitJ^y^ 

KB^^^CD^ ^5^>'^V^::^LP 1 . LP2(D^-^^>^ 

^> hm<ooitmm(D'^^>m^sinoi tcooatscc^ 
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msYWMm2 llfCAtJ^tlX. r (D H-D2) /2j 

1 + 02 J <D/^''<^';7=^-:5^<^>^)0#^S*^ 1 f -:/ hTfi 

[0 02 4] cic-e. 1 0 i^^miDigsgn 1 

0(Dmmw I. W2 s . W2 ctc4c5t.>-ciaSS^^l:^«:<fc 10 

A = sin^ - sin (cot ±d) 
A' =sin0 -COS (co t ± d ) 
B = cos^ -sin (a> t ± d ) 
Yl =sin (o> t ±d + 0) 
Y2 =sin {a> t±<l-e) 

D 1 =±d+e 

D2=±d-0 • 20 

[002 5] TJ^^D-^. ^mwrtimy^'f- ^ d i . d 

2 mm<ov A ^-^-^sinco t ^st^fitatcffiffi 

^Wm^2 1 tCfcC^r. r (D 1 + D 2) /2 J (DttSL 

(Dl + D2)/2= {C± d + 0)+C±d -0)} /2 

= ±2dy/2 = ±d 

30 

[0 02 6] mmmm^2 i ^^2s^6n/c(itg^«b^ 
^ r±d J cdt^-^«, MiM^m^2 2icc^^f^ti. — ^ 

i^^lslSS 2 2 T r D 1 - ( ± d ) J <omnmrrj:t> 
Dl - (±d) =±d + 0- (±d) = e 

CC. feW^*^^ r±d j mm^ti 

Hi $ n -2> C i r- # ^ . 

[0 02 7] c(D^.^m2^m(^^xw(fcm,mT^. m2 

i H« tarn 1 2 o^satm^ y i . y 2 <d o ataxia 
<omm^^vx^K>. mm ia) ictiiLmmmm:i>^-:r^ 
X ( + d) (om^. (b) tiv-r:^xco^#^ (-d) j& 

fjkTo mm (a) CDJ#^. -/>M^sina) tCD 

omBcc^tturmioft-^Yioo&fflti ra + dj fc 
r 0 + d J ictB^-r ^la^B^^n^To ^/c, mmcD-^-^ 50 
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>ft-^sin6t> t 6[)Ofi[*BCC5i*b'C|^2<D<t^Y2<DOe 

+Bti r-0 + dj m^mtixi<sKi . cntcMts^^&ta 

To COJt^. ^M&f-#lHliS2 i-c«, 
(Dl+D2)/2= {C+d + 0)+C+d-(9)} /2 
= +2d/2 = +d 

^cj:0. fitffi^tt^^ r+dj ^gtffi-r-So ^bT. « 
»[p|SS2 2CCJ:0. 

Dl - (+d) = + d-f<9 - (+d) = 0 

[0 02 8 ] S2 ih) <om^. mm<DV^ A ^m'^sin 

dj tcirfMA^x^so. cn^Mft^-r^m^m^my^-^ 
D 1 r 0 - d J (^cm^-r^mB^^m^. ^fc. mm 

<0^ -< > ft-^si nco t CD 0 L 2 (Om^ Y 2 

ooata&s r-0 -d J /cttiinrfcf). cntc>(«rji£;-r 

(Dl+D2)/2= {C-d+0)+C-d-^)} /2 

= -2dX2 = -d 

nmn2 2(^x^. 

Dl - (-d) =-d + a- (-d) = 0 

lol3§2 2-r(i. rD2- (±d) J cDi^^^tf^^c'^.fc'^ 
cc u r ^ J: < . /^.sw«:«±ia i nmcciE o c^ffifflM e 

[0 02 9] ^fc. m2i)^i^i>mmx^:BJ:^(^. mi 

com^Y 1 i^m2<Dm^Y 2 ^<Dr^(ommm&mmt2 
mm ofciEmrj: amm: e(02 fs®^^ l r c ^ -2> c i 4c j^j: 

-So IJE-:>r. 0 UC*$C^ ^^ ^^Inll^l 9. 2 0RO*^ 

^tmiHlK2 1 ^C/i)^[Hl5S2 2^^^tflslK§P55'CD« 

fi-^Yl. Y2aymMmmm2B^^A\y^v 

fi^Y 1 (D0{4tB^cM^&-r^>'^*;^xL p i <d^^b#j^.3&> 
Mxx>?u7.mm^\^i>^^mi^^^m2<om^ 
Y 2 CD 0 ^4^Bcc>^tJ;c;T^>'^'J^;^ l p 2 (o^^n^.'^xoy 

«&^(4tBM (2 0) ^z.i/^^<t^f A^J^^y^'f-^^n^ 

[0 03 0] tC^X. _bi2llS^0iI-C«. +0^^-^^ 

^ y^ias82 0i-c«. motf^>^ 1 2(Dmt}^^ y 



(10) 

17 

AV^}\^t>^-^ ho — 4 0 9 s^&os—a 6 oeofiiffl 

h 0-2 0 4 7^+ Og-'t 1 8 O^tC^ftD^-!*, 
>^^;b:^'^> h 2048 — 4095^-18 OS 0 

ih^y^AX. SO^D^iiUT. ^ •y^lHl?§2 0<Z)A;^^-^^ 
X»I±S::b7'-^^2cDffi^cc:^^t-^ciCc:^0. -7==^ 
>^^;l^:/7'^>h40 9 5-0^-36 0 Jg— - 0 )g<30:& 

[003 1] j:c*>\ iiB^HSFdrti, 1 tBiaS^:^/^2 

taai:^jM<D{i®-fe>if 1 o^^^L-c. ^miHiffggpi i 

rt<Dm^lsI5StC*>t.>rmi (DmM&^^S^ft-^Y 1 =s1n 
(cot + (9) cb^2 0r)mme^^iJt£{t-^Y2 =sin (6) t 

[00 3 2 ] <h mmmtm,yitmit^m.<oh 
^i&T^c icci^^^. ^oi^^. flpmiiisgi 5;5^c>'ifS^ 

-^Yl. Y2«. 

Y 1 =sin {co t ± cl + 0 (t)} 30 

Y2 =sin {co t ± d - 0 (t)) 

t:, MtBcDai:^fl-^Y i«+0ct)i2:i£:Drig-;eta3&«?ii 

3lficott;^ft^Y2«-0 

1 mi»i^cc^m-^Y 1 . Y z(Dmm'mx^%cm::n^^v.x 

^tC3i^L/Tli<CO-C. ^^•:^5^1h1KI 9. 2 0 &C*Jt:f 

1.22 ^^mn^^it^^-c\iX. iEmumm.m^m. r ± 

[00 3 3 ] co^^J^J:5gMI:$:la]i§-r^/c^s6(D^^^# 
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[ 0 0 3 4 ] la 3 SI <D«^ttiliI^BP 1 1 CC*3C:f 

Mftfit|nig82 1 ^mmmm2 2<om^<D^Mm^mmu 

|5l«-c*oTJ:t^ ^ai*f^fiMx3&5H#r^0q^cglibUr 

+(9 ( t ) :foci:c/-6^ ( t ) ^mty-rt. ^mt}m 

^Yl. Y2{tmm(DJ:^ltCmi:>'\±^. "tOX. ^^dc 

Mm Lx ^ -J 19.20 xnhn^m^'r^mm, 

mf-^D 1, D2«. 
D 1 = ± d + 0 Ct) 
D 2 = ± d - e CO 

[0 03 5] ^<r>m^. + d + 0 (t) e (Dm^m^ 
om,o:>mmxm^]^\^nf^mc^{t{^x^<, tj^-^r. 

±dH-0Ct) 5^ ± d -0 (t) M#<0 
^ffc^^r^^lir'Sxt^fe^O. ^<Di#^3:±d + 0 Ct) = 
± d - 0 Ct) J^^^AlT^c COcfc -5 ^C, ± d + 0 (t) 
= ± d - 0 ct) J&^^jA-r ^ -&ttS:/7fl^Y 1 , 

Y2<Dm^e^{ata*s— gcor*5^3. ^^s/co-fefa^ 

[0 0 3 6 ] @3frC*jC>r, — ifct^^aS[il8S2 3«, 

;^;fi-^Y 1 , Y2<DcD*fe'P^ax|^ai^'< 5 >^tc>5rtit:. 

•T'S^' :'^>'^'^^;^LP 1, LP 2<3[)^ia?-< S>y:;{)i. 
;bXEQP^^ST^o — H#^i!j4aj^l51^2 4t: 

0) . «lffi>Ptmegx:^iB$KWCC^{b-r^^- KX^^^ 

^mtf-r^o ^^gtst@te2 1 <b«e[0iS2 2i<Dracc 

-fe u ^ ^ 2 5 -^m^rf htix^r). JiieB$^ftj^- Fft^ 

Xmn^^2 2(tCAti'r^. C<DJ:^CC-feU^?d?25CD 
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u ^ ^ 2 5 <j:>k^ B4:fy\^ 2 2 cca«w«:^ 

[003 7] —:t5. ±Mdim^m^- Y^m^TMt^m^^ 
nrti-siigf. ■o^0TM= 1 - ^^tt>^i*ffi*f*a 

t)A^%m^'y •>^@{S2 6c7)ai;f3:&jMJRbri)^^lHlSS 
2 2 liCAtir^. _h^H^Sft^- F(i#TM>&5 " 1 " 

5=^101382 6 ti. ccD-^ ^^^^^cjiS;;or;^«i?>^ 1 2 0 
m;tj:^»^> Fy^-^^^-y^T-S, CC^C. — Sct*ai>'^" 
>Pl/>^EQP3!)^iG^i*ti. ;^'^>^ 1 2<Da::^^5' 

01=02-0^0. 'yv^Mm2 6(iC^^^'r^y'-'^ 
D1X«D2 (/c/cbD 1 = D2) tCffl^L/rCi 

[0 03 8] ^/c. ~i^*la>'^•>^^;5^.EQP«. ^m:t;{t 

-r^Ct)^ r±d4-0(t) = +d-0(t)J 

etC^y^^n-S^-i^ztS. DlXt3:D2 ifctcODl 
= D2) ^ctg^L-rc^-5:&^iS$?CC. 
<D 1 + D2) /2 

< D 1 + D 2 ) /2 = [{± d + 0 (t)>+ {± d - (9 Ct)}] 
/2^2 (±d) /2 =± d 

T^^Ci^.W.ttO. ^-y^|p|SS2 6^C-^-^^$n/c'r 
-^tS. r±dj ^iE^tC7nUTli-2,^(D 30 

[0039] C^UX. ^m^^figx;«»iB^^fl<J^C^Ifr 

- ^ ;05^^t^tBy aVU XEQPCCf6D-C^«:; ^SSS 2 6 

^^2 5C0A^JA^/M>'CM^inr5S2 2«:-^;^t6n-S„ 

^r. 'M^©s§2 2-c^s, {a*B^i&^^ r±dj 

^3tc4c5l>r. T> F^'— h 2 7 ^^BgOr. — Sc 40 
t^a3>'^Vb;^EQP^igSWic^ ^lHl^2 6CD^ 

[0040] ^/c. ^ t^^|5Ig§2 6CC(J. tftfZ^^l 2 
9.20 ;?3^C>^Mimi5IgS2 1 cDlpl^t?jflFiincOfi$?^C . 
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mm\nM^2 i<Dffi::^*r^-^^iPiss2 6tc^ y^-r-s. 

fSasi 1 ^3CD|HiK2 1 3^0^42 Ui7 

t$f2 5<tS lO—j^CO^t^^IilllSl 9X«2 0€r#B&l/ 

[ 0 0 4 1 ] @4C3:. feta^as^M r ± d J ^mwcr^ 
fjko. itLm-^^v- 1 0 li^m 1 (^cnk-rhco^mmcc 1 
if 1 o*>e)a:;j$ti'5i5ise>*m2cr>?^ssffl;^M-^A, 

B^3:. f^lfi@SSgi54 0CcA::'7^n. ^ 1 O^JiPJ^^ic. 
m 1 OS£ijfel±J;^j<t^A =sin0 -sino) t J^^fetS^^:? Flel 
I?S1 4«:A:^?3n. ^omi^WatB:)&5BFf^afirt@5^:7 ^ 
$nr. (ifflv'^' F $n/c?S?)feft-^A' =sin(9-cosa> 

F^n/cS^SSm-^A* =sin0 -coso) t i±tB^2 0S^ 

*ffi:^7fi-^B = cos6> -sinco t ^CD«# 
&:h^OX:, B— A* =cos0 -sinco t —sin 0 -COSO) t 

=sin <6) t - 0 ) fj:^^^xmi:>i±^mm.m?^]^m'^ 

^ :.^/>Vl/XLP2 3&50i;^j$n. "7 ^^i^S2 0 tCA;^ 
[0 042 ] S4cr)^M^i7&^EI 1 (Dmmmt^tj:^}^. 

fi^Y2 = sin (co t - 0 ) -eofiLffl-rnMei^ 
mxu. {tLmrtime^mmr^m(Dmmmmt. mm 

^mim ^ > f - ^>>5;g^{b-^^offe<D#«^S(cS'^ 

(a>t + 0) J^D^Y2-sin (o) t - 0 ) ^Mf^U. 

2<D^m.mj^m-^A, e^stcur. caiti-mme^sij 

[0 04 3] Ti^jrt>^. «feffiiHiisa54 otcfcc^r. am: 

^i^vi oi)^hm:b^tifcmum\VLZj^m2<j:>ttm.mti 

ft-^A, B35^iH2P^tiX*^miiiES4 1 . A2(iC^^Xti 
^ax^ffilllgg4 1 , 42^i. A;^fl-^A. BcDtiitiffl 

6 ^ic;^ b X -ir P ^ p X *^ai>' ^Ji- X :|: m;':;^ ^ 
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1. A2f)^i^\bt>^in^Mu^u:7.^W^)\^:^^^^rM 

r7*<D J: ^ 1 / 2 ^^IslEES <!: tB;^ffl r > F V 
>H/;2;;0^aS(«3ffi$ti. 3 6 0fiS<30-fe'P^PX-r3^t>i^O 10 

xRPt^. :^»5>^4 5cD»;*fe-^ hA^«:^^e>n^o 
S5ria^--'^^^v^::^LP2<7)^^^><^5>ty-c. mij^^i^ 

[0 044] {i^-b>-tM 0:??J>6fcH;^?^n^miRO*m 
2a>ScS^Ui::^?m-^A. Bfri. -en-etx. A^sln^-sin 
cot. B = cos0-sinco t . T'* ^ . 
T^^^o S^or. l^o^-r ^ >^'C-<2n^n><.;?>^:^m$ 

Vcos^-r^Sft-r-SO-C. <^:'^63&^©|gi|iiU-<^l/:eii03&^ 
= sin^ -sinco t . B = cos^ -sinco t <r>^in^^^^'r>{,^ 

[0 0 4 5 ] I34<OBiI<Di#^. fit^-fe >1f 1 0 <D^I^ -Y 
e-^Y2{3:, 1^5 CD (a) CC^-rJ:^^C. Y2=sin 40 

ffi:^(t^A. B«. ^^[^(cjsc/cliiiiifitsinesijyfcos 

0^^^}^^. ^5CD (b) (^m^^^Jz'^dC^ A = si 
n0 - sin (6)t--d) , B = cos6 sin (co t — d > . <h 
(<^^<f:^CC(iW^ifei^^:$:^A.T?i.^^. S£r>T:. CCD 
4fa^^av;*^{±iCcS-::5t^r®5<D (c) <DJ:^tj:di >f ^ 

<Z)i?- >ft-^sinco t CDO (ita*^ ^bfitB^iij^^- d fd 
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sin ( o) t - d - 0 ) cDfiffl-rnM^iiij^-rntd:. fits 

- d b /ciEiiJtcfii (9 n 2> C i j^j: 
[0 04 6 ] {i®-l2>-tM 0^(5lKM-t2>1^<hU 

rfii^-r-sti^. ms^e 1 iiiiicco# 1 mm<Dmt 

if ^^t-t ^ c <t (;c J: 0 . mm^^mct>fc^mMmm^i^L 
cc*>c^T^. ^lHl$5fig-fe>i^<D(a:^|fetH-f'—^ Steffi 

C0 04 7]A^:fo\ -b>tM OtD^lggP^C^^^ti^lB 

<Dmmm<Dj: ^ tj:mmmmm: ± d ^mwr sieii^ 2 i 
^^-r^hcocc^i^x^^. ^cxj^^fnmE^mmM± 
d (or^- ^ ^u&i^mr- ^ i o r jga:di;b-r ^ c <?: 
■c^^o ^8cc^-rj:^cc. HISS 2 10^:^77=' 

d^MSInlgg2 8CCA;^L/. 'fe>1flOcD^^ 

CC^j^^ n ^Se«^;S^CD^^ff ^-drPARA<h 

i>(Of)^U^u:tmi^Xi.^^<ox\ ras^ai5m@f(c^>ite«j 
[0 04 8 }^or. S8CC0q;^U/cct:^^c:*:^§g<7>« 
^^-T'f-^TEM^hn^Ct^^X^^. <bV^^®n 

hr. ^-VT\y'<^^mi.^fcmmm9&i^j^^xmsu'r 
-j-^^^mi^fdmmc^-oxhmySuc%^\^^ ^<Dj^(o 

xm^wr^cLfi^x^^ ^ti^<DT^x(Dmm<Dmm'^^ 

[0 04 9] 
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1 0 {4gi2>1f 
11.40 «ia3|pIiS^ 

12 t>^l^^ 

1 3 jassft-^^iiHiss 

10 14 ffitBi^:? MiI38 

1 5 ttim^SS 

1 6 mnm^ 

17. 18 -tfa^fp^^tfettiiHigs 
19,20 ^ ^lilSS 

2 1 iSMit^lHlSS 
2 2 MmiElSg 



[01 ] 



ttoO 'Sinai 



one 8 " sn «M 




sine 



9S£ 



-2i , 



LPl 



1 



20 



IDI 



Cfc>> 



sia(QK + d*0} 
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[03] 



m4i 



Of 1 OP2 



L» 1 M^4C 



(D 1 +D2) 



7 J/?- 



<SA) 



A B 



D 1 • <£d) 



IT 






Y2 




LP2 




B-A' 


<> ' 


mi 





r 



41 43 4-4 ^ 



I «a 



sin cot Bi Cost - 4 - 0) 




-±4 



1 



^ 1 or 3} 
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(16) 
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mm«B^3«m] I iites 1 re 1 # 5 mac 

g^Itj-n -hi 1-405 



(72) ^qg^ ^ 

^^SjllMrfj 0469896- 8 
101 



